The intake of heavy metals through food consumption is a food safety problem that severely impacts the health of consumers, so information about food intake and heavy metal concentrations in food products is required to estimate the potential risk to the health of the population. The main purpose of this study was to estimate the potential risks to human health from exposure to Cd, Cu, Ni, Pb and Zn through the intake of Malus domestica Golden Delicious consumed in the Mexican southeast, considering the age group and gender. The concentration of each of the metals was quantified by spectrometry of atomic absorption (AAE) and the daily intake of metals (DIM) and health risk indices through the consumption of apple: health risk index (HRI), total health risk index (THRI), target hazard coefficient (THQ) and the probability of carcinogenic risk (CR) were estimated. The concentrations of the metals analyzed in the apple samples showed the following decreasing order: Zn ≥ Ni ≥ Cu ≥ Pb ≥ Cd. The DIM values showed the following decreasing order: child > young adult > adolescent > elders. The health risk assessments (HRI, THRI, THQ and CR) obtained from the samples of Golden Delicious apples are located within the acceptable and/or tolerable limits, however, the increase in the intake of heavy metals through consumption of apples from establishments in the study area or the consumption of various foods contaminated with heavy metals may increase the health risk potential of consumers. For this reason, it is recommended to carry out studies on the concentration of heavy metals in food products, mainly those of greater popular consumption, to guarantee food security of the population.
Introduction
The consumption of contaminated food with heavy metals is one of the main routes of human exposure to these pollutants [1] . Hence, the accumulation of heavy metals in food represents a potential risk to the health of consumers.
The application of pesticides, fertilizers and fungicides based on heavy metals in crops has resulted in some foods being contaminated with various metals [2] .
There are reports that heavy metals found in soil can be absorbed by plants and remain in their tissues [3] , accumulating in food crops, thus contaminating the entire food chain [4] .
Due to its physicochemical characteristics, non-biodegradability, bioaccumulation and biotoxicity [5] , heavy metals can be toxic to the health of plants, animals and humans [6] , causing in people serious issues, such as genomic instability, endocrine disruption, neurotoxicity, carcinogenicity, mutagenesis, teratogenesis, immunological problems and deteriorated psychosocial behavior [7] [8] .
Several studies have been carried out [2] [9] [10] focused on the accumulation of heavy metals in various foods, particularly in vegetables and fruits and it has been reported that apple is one of the fruits with the highest accumulation of heavy metals, mainly cadmium (Cd), copper (Cu), nickel (Ni), lead (Pb) and zinc (Zn).
Recent studies have reported the presence of Cd, Cu, Ni, Pb and Zn in Malus domestica (apple), a fruit of great economic importance, nutrimental value and broad consumption [2] [9]- [17] . For the above mentioned, it is important to continuously monitor the levels of these metals in Malus domestica, in order to ensure that its consumption does not represent a risk to the health of consumers.
The intake of heavy metals, such as Cd, Cu, Ni, Pb and Zn can cause the depletion of some essential elements for the optimal functioning of the human organism [18] , while the ingestion of food contaminated with Cd and Pb has been associated with toxic and adverse health effects, such as intrauterine growth retardation, decreased immune defenses, psychosocial behavioral disabilities associated with malnutrition and upper gastrointestinal cancer [19] , hence the importance of estimating dietary exposure to a determined food or food matrix to assess the potential risk to human health from exposure to heavy metals through the intake of certain types of food.
The evaluation of dietary exposure is based on associating information about the consumption of certain foods with information about the concentration of the contaminant in order to estimate the potential risks to human health via oral exposure to the pollutant analyzed. Apple is one of the most consumed fresh fruits worldwide. It is estimated that 64.6 million tons are consumed annually [20] . In Mexico, apple is also one of the most consumed fruits, mainly grown in the north of the country. Its national consumption in 2016 was 931 thousand tons, with an annual consumption per capita of 7.6 Kg [21] , being Malus domestica Golden Delicious (Golden Delicious apple) the species with the highest consumption nationwide.
Apple has been associated since unmemorable times with good health, also with great acceptability by consumers due to its freshness, juiciness, good taste, aroma and pleasant color, coupled with its nutritional composition consisting of potassium, phosphorus, calcium, iron, vitamin A, B, C, E, niacin, glucose and fructose [22] . It also contains various bioactive compounds with antioxidant properties, useful in preventing and reducing the risk of chronic non-communicable diseases and cancer [23] , so it represents the basis of the diet of many people in our country, especially children and the elderly.
In Mexico, there are no enough reports on the concentration of heavy metals in Malus domestica Golden Delicious and the potential risks to human health due to its consumption, thus the objective of this study was to estimate the potential risks to human health by exposure to Cd, Cu, Ni, Pb and Zn through the intake of Malus domestica Golden Delicious consumed in the Mexican southeast, considering the age group and gender.
Materials and Methods

Analytical Equipment
A Thermo Scientific iCE 3300 atomic absorption spectrometer was used for the determination of heavy metals. The operating conditions of the equipment are listed in Table 1 .
Reagents and Solutions
All the reagents used in the determinations were analytical reactive grade. The standards of Cd, Cu, Ni, Pb and Zn, as well as the HNO 3 used in the present study were atomic absorption grade (Merck). Work solutions of the above standards were prepared. The glass and polyethylene materials used in the present study were submerged overnight in a 10% HNO 3 solution, and subsequently, washed with ultra-high quality deionized water (UHQ, chemical resistance: 18
). Aliquots of the standard solutions (10 mg/L) containing the analyzed elements were used in the preparation of the calibration solutions. These solutions were prepared by serial dilutions with 0.2% HNO 3 prepared with deionized 
Pretreatment of Apple Samples
The samples were taken out of the refrigerator and placed on the table until they reached room temperature, then, using a plastic knife and a glass board, the apples were cut into slices approximately 1 cm thick, which were placed in a drying oven at 70˚C for 45 hours and then, the dried samples were ground in a mortar to obtain a fine powder. The pulverized samples were stored in polyethylene bags, labeled and hermetically sealed for further processing and quantification of metals.
Processing of Apple Samples
An analytical balance (3B Scientific, model AES 200) was used to weigh 0.5 g of the dried and milled apple sample and then placed in a 50 ml beaker, adding 2 ml of a 30% H 2 O 2 solution (w/v) to preserve the sample for its germicidal action. The beaker was then placed on a heating plate with stirring (Thermo scientific Cimarec+) for 30 minutes until reaching a temperature of 150˚C, then 5 ml of ultrapure HNO 3 were added and digested for another 30 min at 150˚C. The digested sample was allowed to cool off and was filtered through a #42 Whatman filter paper, the filtered solution was transferred to a 25 ml volumetric flask and buffed with deionized water [2] . The volumetric solution was placed in a polyethylene bottle and kept refrigerated at 4˚C.
Calibration Curves
Calibration curves were prepared for the reading of heavy metals (Cd, Cu, Ni, Pb and Zn) based on certified standards.
Linearity and Sensitivity
The accuracy of the analytical procedures and the precision of the method for quantifying heavy metals by atomic absorption spectrometry were determined from the analysis of certified reference standards. The standards were treated the same as the samples. The quality control of the analysis considered the triplicate ) and the regression coefficient (r). 
Detection Limit
Quantification Limit
The limit of quantification (LOQ) of each element was determined according to international accreditation criteria for laboratories that perform chemical food tests [25] (1999). For the determination of metal detection limits, two solutions
were prepared for each sample and three individual readings were made for each solution. The mean of these readings was used to calculate the concentrations.
Metal Quantification
The samples were analyzed using a Thermo Scientific iCE 3300 atomic absorption equipment. This equipment operates with an air-acetylene flame, with a fuel flow of 1.2 (l/min) and 10 (l/min) of air. Hollow cathode photron lamps were used for each metal analyzed: Cd, Cu, Ni, Pb and Zn, using direct aspiration.
Quality Guarantee
To ensure the quality and reliability of the results, apple samples were carefully manipulated to avoid contamination with heavy metals. The glass material was washed with a 10% HNO 3 solution and then rinsed with deionized water. All the reagents used were analytical grade and the water used was deionized water. Determinations with reactive blanks were used to correct the readings of the equipment. For the validation of the analytical procedure, the % recovery was obtained. The average recoveries obtained were 102.65% ± 27.63%, 102.10% ± 5.91%, 108.13% ± 27.29%, 97.09% ± 21.36% and 99.98% ± 0.02% for Cd, Cu, Ni, Pb and Zn, respectively.
Daily Intake of Metals
The value of the daily intake of apple was obtained after analyzing 400 questionnaires applied to children (6 -10 years), teenagers (11 -19 years) , young adults (20 -49 years) and elders (>50 years) (100 questionnaires for each age group). The survey focused on knowing the detailed apple consumption for a week. The daily metal consumption (DIM) was determined by age group, applying the following equation, according to the methodology proposed by [26] .
In Equation (1): DIM is the average of the daily consumption of the metal (mg/Kg/day), C metal is the average of the concentration of the heavy metal contained in Golden Delicious apple (mg/Kg), C factor is a conversion factor equal to 0.085 (to convert fresh weight to dry weight), D food intake is the average of the daily consumption of the fruit, obtained from the surveys (Kg/day) and B average weight is the average weight of the respondents grouped by age group (Kg). Additionally, in all calculations (DIM, HRI, THRI, THQ and CR) the effect of gender in the population was considered.
Evaluation of Potential Risk to Health
The chronic risk to health was estimated by consumption of Golden Delicious apples contaminated with heavy metals, as a health risk index (HRI) for each of the elements considered (Cd, Cu, Ni, Pb and Zn) [26] [27] according to the following equation:
In Equation (2): HRI is the risk index to health, DIM is the average of the daily consumption of the metal (mg/Kg/day) and RfD is the reference dose (mg/Kg/day).
The reference dose for Cd, Cu, Ni, Pb and Zn are: 0.001, 0.04, 0.02, 0.004 and 0.30 mg/kg/day, as mentioned [26] . A value of HR < 1 indicates that the consumption of this fruit is safe and does not represent a danger to the health of the consuming population [12] . Additionally, the total health risk index (THRI) for heavy metals was determined as the sum of the individual values of each of the metals (Equation (3)). Like HRI, a value of THRI < 1 indicates that the consumption of this fruit is safe and does not represent a danger to the health of the consuming population.
THRI HRI metal HRI metal
The potential risk of exposure to Cd, Cu, Ni, Pb and Zn by ingestion of apple was estimated by calculating the target hazard coefficient (THQ), which is the relationship between the estimated exposure and the oral reference dose, using the following equation [28] [29]:
In Equation (4) [30] .
The probability of carcinogenic risk (CR) for heavy metal intake through Golden Delicious apples was calculated based on the USEPA carcinogenic slope for each metal analyzed according to the following equation [31] :
In Equation (5) , respectively, as mentioned [31] .
The estimated daily intake (EDI) was determined by the following equation [31] :
In Equation (6) Table 2 shows the calibration curves obtained from a weighted regression using the least squares model, the sensitivities are the slope of the curves of Cd, Cu, Ni, Pb and Zn. Table 2 shows the coefficient of determination (R 2 ) and the coefficient of linear regression (r). The first indicates how well the model fits the data, in our case, the model is a straight line. This is a measure that allows us to determine how sure we can be when making predictions from a particular model or chart. The second coefficient measures the strength and direction of the linear relationship between the two variables. In this case, both coefficients are higher Table 2 . Calibration curves for determination of Cd, Cu, Ni, Pb y Zn using atomic absorption spectrometry (AAE). 
Results and Discussion
Sensitivity, Linearity and Detection Limit
Malus domestica Golden Delicious Intake by Age Group
After the application of the 400 surveys (100 for each age group) administered to the respondents who voluntarily decided to answer the questionnaire prepared exprofeso to assess the average daily intake of apples by age group and gender, were obtained the intake values that are illustrated in Table 3 .
In this 
Trace Metals Determination
Heavy metals concentrated in an apple, not only affects their nutritional value, but also can accumulate in the body of people who ingest this fruit and cause se- Table 4 and were compared with the results of concentrations of Cd, Cu, Ni, Pb and Zn reported in apples, by other authors.
In Table 4 , it can be seen that within the heavy metals analyzed in this research, it was found that Zn and Cd have the highest and lowest concentrations, [37] respectively, compared to the other metals. The concentration levels of the metals analyzed showed the following decreasing order: Zn ≥ Ni ≥ Cu ≥ Pb ≥ Cd. The average concentration of Cd found in apple samples (Table 4 ) was <0.03 mg/kg, which is below the permissible limit (0.1 mg/kg) established by [38] . In this study, the Cd concentration was lower than the concentrations reported by [9] [37] in apple samples from Egypt, Nigeria, Pakistan and Turkey, respectively. Cd is a heavy metal classified [8] as carcinogenic to humans, it is highly persistent and toxic, present in low concentrations in the environment, predominating in associations with Zn, Pb and Cu, it accumulates especially in kidneys and liver affecting human health through sources of occupational and environmental exposure [39] . Since the consumption of food contaminated with Cd is its main source of exposure in the nonsmoking population, its long-term exposure even at low concentrations can cause damage to the kidneys, liver, bones and cardiovascular system, hearing impairment and sight, and lung, breast, prostate, pancreas, urinary bladder and nasopharynx cancer [39] [40]. Even though the average concentration of Cd found in the apples sampled was lower than the limit of detection of this metal in the spectrometer used (Cd < 0.03 mg/Kg), it is necessary to continuously monitor its presence and concentration in food crops in order to reduce the health risk associated with exposure to this dangerous metal.
Average Cu concentration (0.06 mg/kg) obtained in this study (Table 4) showed a value below the permissible limit (73 mg/kg) established by [38] . In our study, the concentration of Cu in apples coincides in order of magnitude with that reported by [12] in samples of apples collected in Pakistan, this concentration being lower than that reported by [10] essential micronutrient that acts as a biocatalyst, and in conjunction with iron is required to give pigmentation to the body, it also helps keep the central nervous system healthy and prevents anemia [15] , since some plants require Cu to its optimal growth, sometimes, this metal is added to crops through fertilizers, so it is necessary to monitor its concentration in food crops, since poor agricultural practices could increase the risk to health from exposure to this metal through food. The average concentration of Ni (0.08 mg/Kg) found in this study (Table 4 ) was below the permissible limit (67 mg/kg) [38] , this value is slightly higher (0.06 mg/Kg) than reported in samples of apples grown in China [11] and lower than that reported in samples of apples collected in different sites in Nigeria, Pakistan and Turkey, respectively [9] (Table 4) . About health effects, exposure to Ni has been reported to cause skin allergies, pulmonary fibrosis, cytotoxicity, iatrogenic nickel poisoning and cancer of the respiratory tract, lung cancer and nasal cancer [41] .
Average concentration for Pb (0.05 mg/Kg) ( Table 4 ) was lower than the permissible limit (0.3 mg/Kg) [38] and higher than that reported in samples of apples collected in production areas of China and in different supermarkets in Serbia [11] [37] are higher than the concentration found in our study. Pb has been classified as a possible human carcinogen, and there are also reports that this metal can cause neurological, renal, cardiovascular, hematological, reproductive and gastrointestinal effects [41] , which is why the introduction of this metal should be avoided in the food chain, since its accumulation in the human organism can lead to serious health problems.
Zn average concentration (Table 4) found in this study was of 1.51 mg/Kg, which was lower than the permissible limit (9.4 mg/Kg) [38] , higher than that reported in samples from Egypt, Nigeria and Pakistan, respectively [12] [15] [16] [34] [36] , and lower than those values reported in apple samples collected in Pakistan and Turkey [9] [10] [35] [37], respectively. Zn is an essential metal for various biochemical and physiological functions, its deficiency can cause immunological alterations.
In our study, all concentrations of heavy metals analyzed in the samples of apples collected in the study area were within the permissible limits established [38] , in turn, these concentrations were several times lower than the concentrations reported for Cd, Cu, Ni, Pb and Zn, respectively [9] [10] [16] [34] . With regard to the presence of metal in food crops, Mapanda and collaborators [42] reports that a higher heavy metal concentration in soil corresponds in a greater probability that a given metal is present in the crops and its concentration in the food will depend on the soil, the degree of air pollution and the capacity of crop absorption, among other factors [28] , this could explain the differences and similarities between the concentrations of Cd, Cu, Ni, Pb and Zn obtained in this Table 4 .
Health Risk Assessment
The ingestion of heavy metals through the consumption of food is a very important problem because of its implications for human health. The calculated values of DIM, HRI and THQ are shown in Table 5 by age group (children, teenagers, young adults and elders) and by gender. The concentrations of Cd (Table 4) were below the detection limits of the equipment for this metal, so the value of the detection limit was used to calculate the DIM, HRI, THRI, THQ and CR values of this metal (0.03 mg/kg) to determine said parameters.
Comparing DIM concentrations by metal analyzed, the following trend is found: Zn > Ni > Cu > Pb < Cd. The average DIM value (Table 5) The potential risks to health associated with the consumption of Cd, Cu, Ni, Pb and Zn were evaluated through dietary intake of Golden Delicious apple. To estimate the human health risk index through the consumption of apples, the HRI was calculated (Table 5 ) and values less than 1 were found for each of the metals analyzed in each age group and by gender. It can be concluded that the consumption of Golden Delicious apple from the study area is safe for residents and does not pose a significant potential risk to the health of consumers. The HRI values for metal analyzed show the following decreasing order: Cd > Pb > Zn > Ni > Cu.
The average HRI values of each of the metals analyzed showed the following decreasing order: child > young adult > teenagers > elders, presenting higher values in the female population compared to the HRI values in the male population. The HRI values shown in Table 5 were lower than reported for Cu and Ni and higher for Zn in apple samples from Pakistan [12] , and similar for Zn in foods from Saudi Arabia [43] , and for Cu and Zn in samples of vegetables grown in Dubai [44] , respectively.
On the other hand, the objective risk quotient (THQ) was calculated to estimate potential health risks (non-carcinogenic risk) associated with long-term exposure to chemical pollutants, in this case, Cd, Cu, Ni, Pb and Zn. The THQ values (Table 5 ) calculated individually for each of the heavy metals analyzed are located below 1, which coincides with that reported by [28] for Cu, Pb and Zn in fruit samples grown in Romania and slightly higher than that reported in Cu and Zn by [29] in fruits marketed in Algerian markets. The THQ values for metal analyzed show the following decreasing order: Cd > Pb > Zn > Ni > Cu.
HRI and THQ values less than 1 indicate that the potential adverse health effects of people who consume apples from the study sites are not affordable, that is, these people may not present significant health risks due to intake of Cd, Cu, Ni, Pb and Zn through the consumption of apples. However, the consumption of various foods contaminated with the same heavy metal could cause a potential risk to the health of the consumers of those mentioned foods, since the HRI and THQ value of each of these foods could contribute to this value being greater Total health risk index (THRI) was determined as the sum of the individual values of the HRIs of each of the metals analyzed (Table 6) , resulting in values lower than 1 in all genders and age groups, so that the consumption of apples is safe and it does not represent a significant risk to the health of the resident consumers.
The carcinogenic risk is evaluated and expressed as the probability of suffering cancer throughout the life of 70 years. The calculation of the probability of carcinogenic risk (CR) by ingestion of heavy metals consumed through apples
showed CR values of the order of 10 −4 for Ni, 10 −5 for Cd and 10 −7 for Pb (Table   7) , respectively. The values obtained from CR for Ni (10 −4 ) are considered unacceptable [31] , so there is a slight concern for CR induced by Ni through the consumption of apples; whereas, CR for Pb (10
) and Cd (10 −5 ) are within the acceptable range, which suggests a potential CR no for intake of Pb and Cd through the consumption of apples. Except for the best knowledge of the authors, CSFing Results of CR for Ni were lower than those reported in snail samples from Nigeria [31] , and for Cd and Pb were slightly below than those reported in samples of snail from Nigeria [31] . The results of CR for Ni showed the following decreasing order: child > young adult > teenagers > elders, presenting higher CR values in the female population compared to CR values in the male population, following the same behavior pattern for CR for Cd and Pb.
Conclusions
The ingestion of heavy metals through the consumption of food is a problem of food safety that has important implications for human health, so heavy metals contained in Malus domestica Golden Delicious marketed in the Mexican southeast were investigated. The concentrations of heavy metals in apples showed the following decreasing order: Zn ≥ Ni ≥ Cu ≥ Pb ≥ Cd, being within the permissible limits [38] for each of these metals.
The values obtained from HRI indicate that the consumption of Malus domestica Golden Delicious sampled in the study area is free of a health risk index by intake of Cd, Cu, Ni, Pb and Zn in all the age groups studied and by gender. The THQ values obtained indicate that the consumption of apples sampled in the study area has little potential for health risk for non-carcinogenic effects.
Regarding the values of CR, these suggest that there is no potential CR by intake of Pb and Cd for consumption of apples, but a slight concern for CR induced by Ni through the consumption of apples, since the levels of CR of Ni are in the lower limit established by USEPA [45] .
The health risk assessments based on the results obtained from the Golden Delicious apple samples reveal that there are no significant potential health risks for the residents of this locality due to consumption of apples from the investigated establishments.
Natural and anthropogenic sources are increasing the levels of human exposure to heavy metals through the consumption of food contaminated with these metals, putting the health of the population at risk, for which reason constant monitoring measures for these contaminants should be established to prevent the possible risks associated with health derived from exposure to foods contaminated with heavy metals.
